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TESTS IN TI!_ 19-F00T PP.ESSUIIE TU!_NEL OF A I/2.75-SCALE MODEL

OF THE F4U-1 AIRPLA_TE WITH SEVERAL BALAI_TCED ELEVATORS,

FULL-SPA_T FLAPS, A'..".TDDI_0PPABLE GAS TANK

3y Robert P., Graha_n ancl C, Dixon Ashworth

S_L:M__IY

An investigation was za'_e in the NACA 19--foot pressure

tunnel to determine the aerodynamic effects of several ele-

vators _,zith varying amounts of balance, of outboard split
flaps, and of a dro_p_._blc gas tank on a i/2.75--sc_le model

of the F4U-1 airplane. The investigation included:

(a) Measurements of the hinge-moment characteristics

ancl effectiveness of various elevators;

(b) l'/easurements of the effects of adding split flaps

outboard of the normal slotted flaps and ahead

of the ailerons, on the stalling and control
characteristics of the mo_el; and

(c) l._easurements of the effects of suspencling a drop--

Fable gas tank be!o;,r the fusel;_ge on the llft,

_rag, and longitudinal stability of the model.

In or.'ler to provlcle a basis for comparison of the

various balanced elevators, stici: forces for various indl-

cate& airspeeds _rere computed for each elevator from the

power-off ras'c.ltso The powe'._-on results, are not complete

enough to obtain the effect of power on the elevator stick
forces,

The outboard split fl.oj?s increased the maximum lift

coefficient approximately. 6 percent with po_-,,er on and 9

percent vlith power off. _he_ had a negligible effect on

the stalling chara.cteristics and the longitudinal stability
but recluced the aileron effectiveness.

The dro_oable gas tank had no measurable effect on the

maximum lift coeIficient or the longitudinal stability of



the node!. Its drag increment at I00 miles per hour
amo_nted to 9 pounds and 14 pounds at lift coefficients
of 0.1G and 0.5, respectively.

I NTR0DUCT! ON

During the past se'/eral ye::rs the NAOA has conducted
numerous investigations of a l/2.75-sca!e model of the
Y4U-1 airplane. Much of the :_erodynamic design of the
full-scale airplane has been based or. the results of these
win&-tunne! investigations. This p_.pe_" summarizes one
phase of the_c tests,

The tests were cond'_cte_, at atmospheric pressure in
the EACA 19-foot pressure tuumel during the period from •
March 80 to April 1V, 191_,. They included measurements,
with an& without propeller operating, of _the effect of
several balanced elevators, of full--span flaps, and of
droppable gas tank on lift, drag, and _itching moment. The
hinge moments of the elevators were als'o determfned, Ailer-
on characteristics ._ere measured with partial--span and full-
span flaps, Tuft studies _,Jeremade of the stalling charac-
terlstics with the full--span flaps.

This paper was originally issued as a memorandum re-
port to the Bureau of Aeronautics, ._avy Department_

MODEL •

The 1/2.75-scale model of the Y4U-I airplane is shown

in figure 1, Section vie:.,s of the elevators and ailerons

used on the present model are presented in figures 2 and 3.

For the purpose of this investigation the model was modi-
fied as follows:

l, A remote--control apparatus for operating the
elevators was insta!le_.

2. EACA remote indicating hlnge--moment bal@nces

were instal!el in the right aileron and in the

elevator to me:._sure the aileron and elevator

hinge mozlent s.

3. The horizontal tall of the model was arranged to

allow for v_rious no_iflcations to the elevator.

11m
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Several elevator noses _ere supplied. These

noses gave the elevator five arrangements in-

volving two different hinge lines and various
amounts of aerodynamic balance (fig. 2). The

horn balance of elevator 5 is shown in figure 1.

4. The model was equipped _ith outboard split flaps
(figs. 3 and 4) for use in conjunction with the

inboard slotted flaps. With the slotted flaps

deflected 50 ° , the follo_,_ing split-flap arrange-
ments _,ere tested. 0.20c f_a_s deflected 40 °

an_ 480 , ant\ 0 30c fl_ _ deflected 40 °
• @ • ,,p _J

5. A dr::,p_able external gas t:_.n]:was mounted on the
bottom of the fuselage (fig. 5)for some of the

te_;ts. The shape and dimensions of t!_e mo¢lel

ta.r.k are presented in figure 6.

For certain of the tests the airplane model was

equipped with a propeller (see fig. 7) geometrically simi-

lar to that Used on the full--scale airplane. The model

propeller is 4.82 feet in diameter.

The propeller was driver, by a water--cooled alternat-

ing-curre_t induction motor capable of deve!o_ing 60

horsepower at 5000 rpm. Current was supplied to the motor

b_, a v_ri_-_ble-freque:_cy alternato-_" and speeg control was

obtained by var_.ing the frequency. The pou.er output of
the motor was determine& from ,_ calibration that involved

current, revolution speed, and torque.

The power, coo!ing_-water, tachometer, and hinge--
moment leads were threade¢l behind the _:ing supports,

through the support fairing, from the wings of the mo¢Icl
to the test chamber below. The leads between the lower

surface of the wing and the top of the support fairing

were exposed to the air stree,m for all of the tests except

the model--support tare tests. These leads are shown in

figure 7.

For certain tests the horizontal tail was removed.

The portion of the horizontal to_il locatee, within the

fuselage was rei_!aced with bloc]zs that conformed to the

fuselage conto'ir (fig. 8).

The model was finished with se_ral coats of lacquer

and rubbed with No. 400 carborundum cloth in a chor&wise

direction until the surfaces _rere aerodynamically smooth.



A llst of model arrangements tested is presented in table
I. Changes in arrangement do not refer to changes in con-
trol-s;arface setting but only to changes in the contour of
the model.

• 0 _'1'_'_SYMBOLS &L-D C _ICIE_TTS

The d_it_ in this r_port are reduced to standard non--

dimensional coefficient fo'r_u. All forces and moments are

given with respect to the _,in& axez. The coefficients

and symbols i_ve!_'ed _,,re _efiae_ as follows:

CL lift coefficient (L/qS)

CD dr_g coefficient (D/qS)

CR D resultant--force coefficient ii_ the drag direction
(_D/_ s )

Cm

Cn

pitching-moment coefficient (H/qcS)

rolling-moment coefficient (L/qbS)

yawi_g--moment ccefficient (hT/qbS)

Ch e

Ch a

elevator hinge-moment coefficient (He/qbe_e 2)

aileron hinge--moment coefficient (Ha/qb_a 2)

T c thrust dish--loadlng coefficient (T/2qD 2)

whet e

- - /I 2_
q dynamic pressure in tU_e undisturbcd ai"• stream L2pV

p mass _ehsity of air

V velocity of _ir

V i iudicat ed airspeed

L lift

II
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D

RD

M

_.r ag

resuitant force along wind axis (propeller operating)

pitching moment about center of gravity of airplane

L rolling moment about center of gravity of airplane

N ya_.ting monent about ccLter of gravity of airplane

F e elevator stic!: force, _ounds (0.45He)

He

Ha

T

S

elevator hinge moment _

aileron hinge moment

effective thrust of propeller (T-AD)

wing area (41.6 sq ft)

c mean aerodynamic chord of wing.(2.85 ft)

b wing span (14.91 ft)

be-_e2

D

an&

prod_.c_ of el_ ...._or s_an and mean-square elevator

chord (!._43 fts for elevators I 2, and 5);
(1.173 fts for elevators 3 and 4 I

product of aileron SlOSh and mean-square aileron

c,_ord (0.5S8 ft s)

propeller diameter (4.82 ft)

propeller blade angle ,'_t 0.75 radi'o.s

angle of attack of win::_" root chord line

8f slotted flap &eflectioi_, measured between wing chord

line and flap chord line

8fsp s_plit flap deflection, measured between lower sur-
face of wing and flap chord line

t

8e elevator def!eDtion, measured between stabilizer

chord line an& elevator chord line, positive de-
flection with trailing edge do_._n
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aileron deflection, measured bett,zeen wing chord line
and aileron chord line., positive deflection with

trailing e'&_e dou,n

ri{_ht aileron defler.tion

left ai!cron deflection

angle of stEbilizer oe,_ting (relative to the thrust

line)

test Reynolds number base& on mean aerodynamic

chor_ (pvc/_)

coefficient of viscosity

T_S_ _ZD z_SU_TS

For co:u:enience in classifying the results and show-

ing their loc-:_tio-t in the rep,Drt, table II is presented,
The tests a:_d results _re describe& in the following

scctlons.

Interference corrections.--Tl'e effects of suPi_ort

interference and air-flow misalinement on the lift, drag,

and pitchlng-moment characteristics were determined from

tests of the model with flaps neutral and propeller re--

move&. In _order to p_-ovide ]-,roper clearance between the

model and the supy,ort fairings, these tests were made
without the vertical ts_il on the model. All results in

this report h_ve been corrected for these effects.

The an_io of attack and the drag coefficient have

been corrected for" the effect of jet-boundary interfer-

ence. !nasm_1.ch as the results presented in this report

are p#im_._r_ly of _ comparative nature, no jet--bounda_-y

interference corrections have been applied to the pitch-

ing-moment data. These corrections may be s.pplied by add-

ing algebraically 0.0216 CL for the pot:zer_off tests and
0.0258 CL for the power-on tests. The effect of these

corrections is to decrease the negative slope of the

pitching--moment curves. The corrections do not apply to
tests with the horizontal tail removed.
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i_._n____JX2B_g_i._t_U_u_n_l_l____t.ab!__It_:.-_he effect .of various strobi-
lizer settings on the lift, the dr_.g, _nd the pitchin_';-.
momen%coefficients was de-termined fron_ the results of
tests made with the st_biiizer set _t _.e following an_es._•
4.9 ° , S 95°, i 6° _p_ 3o _5 °• • , • , and . For each stabilizer
se_tlng,_'" l_o:,:er-on and power-off runs were made with the
slotted flaps deflected 0° and 500 _Tith the ailerons
droopel 0° and 9.5 e, respectively. The elevator g_??was
sealed smooth with ce'llu!ose t_ape for this part of the
investigation. The results of these tests are :"resenteci
in figures 9 to 20.

Tx,ro flight conditions were simulated in the power--on
#" (!tes_ .... The power-on landing approach wa_ simul_ted v,ith

the slotte_ flaps deflected hnd both _i?_erons tiros[peal.

The thrust coefficient required for level flight at a llft

coefficient of 1.85 was apv:roxlmated through the range of
angles .of,attack The full _ o• _r ttle climb condition w_s

simulated with the fl_ps and _ilerons neutral. The thrust

coefficient obtained in the climb 2,t a lift coefficient of

0.55 was approximated througl_ the range of angles of ,_.tt_,_ck

The power-off tests were made at a dynamic pressure

of appronlmately 25 pounds per square foot and the pou_er-on
tests -.:ere made at a dynamic pressure of api_roximatc..ly 13

pounds Der squ_re _oot. 'The propeller blondes _.,_ereset at
15 ° at 0.75 radius. The thrust coefficients obt_{ined for

the _,owe_....o_ tests are sho:,:n in .fi_ures 21 an& _,2

Effect of v,_rious elevator b_._nces on lif.t___d_rak _

__i__t_o_i_!__,-__q:n_e__t___,_..e__ _v___.tor hx.n_ze-m om (;n t co eff ic ient s

and cn stick force_.--Fiveelevator arbangenents were

tested to determine their effects on lift, dra6,N, pit '_'_ _-C _-n_

moment, and elevator hinge--moment coefficients. Elevators

with noses l, 2, Z, ancl _l _flg. 2) were tested with power-
off and slotted flaps at 0 . The elevator v;i_h no,Ge 5 is

similar, to the elevator_ no_ in use on t]_e F,IU--i _-_^"_p!ane.

It was tested with power on and off an_. with slotted flap
deflections of 0° and 50 °.

For each elevator arrangement, elevator deflections

of 20°, lO °, -lO °, -20 e, and-30 ° were investigated, At

each elevator deflection the model was tested through a

complete angle-of-attack range from below ze;-o lift to
beyond the st,_ll. 'T}{_ angle of stabilizer setting ws_s 1.5 °.

For those: tests' in which the flaps we r'e deflected 50 ° , the
ailerons were drooped 9.5 ° .



The power--off runs were made at a dynamic pressure
of approximately 2_ poun_Is per square foot. The Do_,-er-o-_
runs simulated landing approach and climbing conditions
of the airplane and were made at a dynamic pressure of
approximately 13 pounds per square foot.

Tile effects of the various elevators on the lift a:-A
drag characteristics of the model are presented i_ figures
23 to 30. The effects of the elevators on the pitching_-
moment characteristics are presented in figures 31 to 34.
The hi_ge-moment characteristics of the various elevators
are presented in figures 35 to 42.

z

Figure 43 shows a comparison of the erich forces and

the corresponding elevator deflections for the five ele-

vator noses for the model cor_dltion of propeller off and

flaps neutral. Stick forces and elevator deflections for
the elevator with nose 5 and the model condition of pro-

peller off and flaps deflected are also sLo,_n_.. This

fig_are was prepared by obtaining, from figures 2.5 to 42,
the elevator deflections, elevator _in(_e-moment coeffi-

cients, and lift coefficients for zero pitchi_g mome_t at

several angles of attack. The lift coefficients ,,rere con-
verted to indicated airsNDeed by assuming an airpl_ne

weight of lO,O00 pounds. The hinge--moment coefficients
were co_._verted to full--scale hinge mo.uents at the i1_dic_ted

z. coefficients.airspeeds obtained from the corresponding li _$
The stick forces were then computed from the assumod rela-

tionship, F e = 0.45 He. Fo__ the flap-neutral condition,

the stick forces were trimmed at 260 miles per l_our indi--

c-_ted airspeed by correcting the hinge-mome_t coefficients
an amount equal to the coefficient at that airspeed. In

the same mai%'_.er, the erich forces for the flap--deflected
condition were trimmed at lO0 miles per hour indicated

airspeed.

All of these stick forces were computed with the cen-

ter of gravity of the ;_irplane located as sho_n in figure
1. iTo allo_,rances were made for any Reynolds number effects

on pitching--moment, lift, or hinge--moment coefficient_.

Figure 43 shows that the stick forces for elevators

with noses l, 2, 3, and 4 ar_ considerably less than with

nose 5 for the propeller-off, flap-neutral condition.

The effect upon the drag coefficient of sea!i:tg _ne

gap between the stabilizer a;_¢! elevator is s11own in

figure 44.

I
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split flap arrangements. For the first group of runs the
slette& flaps were @Leflectecl "50°, t!ie 0.20c outboarcl

split flaps 48 e, and the left ai!eron 0°. Tests vere then
made without the outboe, rd split flal_s, _:ith the slotte'i

flaps deflected 50 o , and the left aileron set at 9 50

Further investigation :,_as carried out with a slotted flap
deflection of SO o, with the • s_Dlit flaps removed, an_ with

the left aileron set at 7.850,

All these test_ were. made at a dynamic _ressure of

al_proximate!y 25 pounds per squ_re foot with the stabi-
lizer Get at 1.6 °. The right aileron (fig, 3) was set at

-, or_° "0 °, 0 °, -I0 °, -15 °, a:_d -20 °the following an_!es: _ , -.

_or each aileron settiu, the ...._l_..... •...... _, _,:as testec, at el?proxi-

mately 0°, S °, anl 12 ° ar__:le of attac]c.

The results of these teats are presented in figures

50 to 57.

A com'Darisom of figure 51 with 53 shows that the
effectiveness of the ailerons is considerably reduce& by

.the installation cf the outboard si_lit flaps.

__]=___e_qtof dr_Lpab!o e:.rte__!._gAs tank on !ift,__ddra£'_

_n('-ritc!__-.i_!c--moment coefficients,- Tests were macle with

the J_roppablc gas tank showu in figure 6 located on the
model as shown i:_,figure 5. Two runs vere -;_ade: one with

the s!otte_l _elaps and ailerons at 0° , ant! the other with

the _lotted flaps deflected 50 ° ,_nd the ailerons c!rooioecl
9.5 o . The model was tested tl{rou_;h an angle--of--attack

range from below zero lift to beyond the stall. The re-
sv,lts of those tests are sho_,,n in f igures58 an_l 59.

From fi,gure 58 it will be _ote& ti:at the _roppab.le gas

tank had no effect on the maximum lift coefficient of the

model. The tanS: also had _o aerodynamic effect on the

power--off longitudinal stabilit..v of the model. From

figure 59, it is seen that the :i_.oppable gas tank increases

the .drag coofflcient of the model 0.0011 at the high speed

CL of 0.16, an& 0.0017 at a CL of 0,55. These drag

ir,crements amount to a drag, at 100 mi].es i}er hour, of 9

and 14 pounds, resl, ectively.

Effect of outboarcL s21it fl:__]2son the stallinE charac--

_te_,_istics of th_e.__/in_.--A stu(!y of tl_e stalling characteris-

tics of the wing fcr ,_evera]. arrangements of the mcdel was

made .by observing the behavior of wool tufts on the model.



and lon#itudina!,stabili_tz.-- The horizontal tail was re-
moved and that portion of the horizontal tail located
within the fuselage was replaced with blocks that conformed
to the fuselage cbntour. This arrangement is shown in
figure 8. Runs were made with the slotted flaps set at 0°

-and 50. ° a;'td with t_e ailerons drooped 0 ° and 9.5 °_- . , respec-

tively, Power-on and power-off runs were made for each

flap _.nd aileron setting.

The pover-on and power-off ru__%s were ms,de at dynamic

pressures of 13 and 25 pounds per sq<are foot, respective--

ly; the yower--on runs simulated the same airplane flight
conditions as in the stabilizer and "elevator tests, The

results of these tests are r, re_ented in figures 45 and 46.

Dffect of fuil--s_an :fla-_s oz lift, dra,-,__and _itching__

mom_eslt ._o_ef__i_e_&tA.-- Tests were made _,,ith the slotted

flaps at 50 ° an_ with variot's arranstements of outboard

split flaps. At a dyna_.ic pressure of approximately 25

pounds Der square foot, ru:ts were made wit)_ 0.20c split

flaps at 400 (fig. 4) ar,d 48 ° and with 0.30c split flaps

at 40°. 2urtl_er investigation was made with power on an&

power off at a dynamic pressure of 8.4 pounds _er square
feet for the 0.20c a;kd 0.30c split flaps at 40 . The

power-on runs were marls at a dynamic pressure of 8.4 {oun&s
per square foot with the propeller blade angle set 20 at
O.V5 radius. The angle of the _3tabillzer wag 1.S °.

The pokier-on condition of the nodel simulated power-

on la=clin&_-approach condition of the F4U-1 airplane. The
results of these tests are given in figures 47 to 49.

Figures 47 to 49 show that the optimum of the three

conditions of outboard split flap tested i,_ the 0.30c flap
deflected ,10° . _flth this outboard split flap condition,

the slotted flaps deflected 50 °, an& the ailerons neutral,

a ma'<inu_m lift coefficient of 2.32 was obtained with power

off arid 2.61 with power on as compared with 2.13 and 2.46

with the s_,_it_',_aps off, the slotted flap_< deflected 50 °
and the ailerons drooped 9.5 °. The effect of the outboard

split flaps on the pitchin,_--moze_%t coefficient curve is to
slightly increase its negative slope in the angle-of-attack

range Just below the stall. "

E ff e ct of ___r_i.o_A__ _p____ar_anEe m e___._ on a iI er on char ac-
teristics.- Three groul:S of tests were made to determine

the effect on aileron characteristics of various outboard

IIi

i
i
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no meast_rable effect on the maximum lift and l_o measurable

aerodynamic effect on the power--off longitudinal stability.

Langley i_emorial Aeronautical Laboratory,

National Xdvlsory Committee for Aeronautics,

Langley Field, Va.
/
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Tufts w_re attached to the upper surface of the _,ring and
flaDs _rith cellulose ta!',e at 20-, SO-, 40-, 50-, 80-,

70-, 80-, and 9O-perce+ut--chord stations. The tuft_: _._ere

sp_ced about V inches ir_ a spanwise direction. The

progression of the stall _;ith increase in ai_gle of attack

was recorded by s1:etchlng the stalle& portlo::s of the wing
at various angles of attack, Force measurements were taken
during each of the stalZ--observat!on tests.

For this series of tests only the effect of the ad_.i-

tion of outboard split flaps on the stalli_g characteris-

tics of the _;ing '._,asdeslre_.. The investigation was made
with the slotted _ ,_• .aDs _¢flected 50 _ and with the 0.30c

outboard, split f].aDs ¢!eflected 40 °. All other control sur-

faces ;;ere set at 0°_ t]_e stabilizer was set at 1.6 °,

The po_,;er-on stall test _;as m:_,de to simulate a po_,;ered-
landlng-approach co'.=&ition of the airplane. Power--on and

power--off tests _rere made at dynanlc pressures of 8.4

pounds per nquara foot and 25 _?ounds par sq_are foot, re--
spectlvely. The result_ of ,._ese tests are presented in
ficures 60 and 81.

A comp:%rison of figures 60 an6_ 61 wit[_ unpublished

data s!:o_;s tkat with the slotted, flaps g.eflected the stroll-
ing char_.cteristics a--e approximately the same for the two

conditions of outboard split flaps deflected 40 ° and ailer-

ons_0 °, and outboard s_:lit flai_s 0° and ailerons a.rooped
9 .B ° . ""

C0i_CLUS I0_TS

1. The zaximt'_m lift coefficient for the po_,_er--on land-
ing approach was 6 percent higher with both inboard s._.otted

flaps an_ outboar& split fla_s :!eflecte& than it was with

inboar& slotted flaps c!eflected a:_.d ailerons drooped.

2. The adclition of the outboard split fla_s had a
negligible effect on the stalling characteristics and the

lor_gitudinal stability but noticeably reduced the aileron
effectiveness.

3. The droppabie gas tanh caused drag increments at

1O0 miles per hour amou_.ting to 9 pounds and 14 pounds at

lift coefficients of 0.].6 a:%d 0.55, respectively. It had
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NACA

Type of test

I0

Ii

12

15

16

17

18

19

20

21

22

23

a5

Z_

27

28

29

3o

_2
• against a

_5

36

_7

38

_9 Che against a

C L and C D asalnst a

CL and CRD against a

CL and C D against a

CL and CRD against a

OL and CD agalnst a

C L and CR D against a

C L and C D against a

C L and CRD agaLast a

CL and C D agalrmt a

C L and CRD against a

C m against a

J

!c against a

:L and CD agalnst a

CL and CRD against

CL and CD against a

C L and CAD against

I
IL and C D agalnst Q

TABLE IX. - LIST 0F FIOURES

Mode i

arra_
_nta

B

C

B

C

B

C

B

C

B

C

B

C

C

C

E

D

E

D

F

G

H

I

E

' end O

I ! and I
E

D

E

D

F

O

I

ii

(del

5.g

5.5

1.6

l.fi

-2.5

"5.0

-%0

.ar_e

,a_e

,ange

'ange

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

[.5

L.5

L.5

._

.5

•5 !

.5

.5

.5

5f
(des

50

o
50

o
50

o
50

0
50

o
50

o
5o

o
5o

O

50

0

50

O
50

o
5o

0

50

50

50

O

O

O

0

0

0

0

5O

ol

0

5o

5O

0

o i

0 '

°I0

0

I

Se
|) (des)

0
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1.6
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1.6
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1.6

1.6
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NACA Figs. 4,5

v

Figure 4.- The 1/.2.75 scale model of the F4U-I airplane in the i9-foot pressure
tunnel showln= the full-swan flaos.

Figure 5.- Rear view of 1/2.75 scale model of the F4U-I airplane showing the

drO_Jbl_ external gas tank.
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NACA Figs. 7,8

Figure 7.- The 1/2.75 scale model of the F4U-I airplane showing propeller and
slotted flaps deflected 50 ° .

Figure 8.- View showing the 1/2.75 scale model of the F4U-I airplane without
the horizontal tail.
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